We describe in generic terms a class of associative memory that is based on (1) an oscillating message-bearing optical mode in a resonator containing a multimessage hologram, (2) image-selective (discriminatory) amplification of the desired picture in a photorefractive crystal, and (3) phase-conjugate reflection.
The recent few years have witnessed a strong interest in the area of associative memories. These are memories in which a stored piece of information can be retrieved whole when the probing input is only partially complete. The memory somehow finds that stored message, among many, which most closely resembles the input and puts it out.
There has been an increasing sense of awareness among workers in the field of phase-conjugate optics that this area may contain the clue for a holographic associative memory. This Letter is written with the purpose of describing some fundamental features of two-beam coupling and phase conjugation in photorefractive crystals 2 -4 that are central to our initial probes in this direction. The hope is that these may stimulate other investigators to add and apply their specialties to the solution of this exciting problem.
The first basic concept is that of stored information as an electromagnetic mode. The idea was demonstrated in 19825 in an experiment that showed that a laser oscillator with a severe distortion inside the resonator can oscillate nearly optimally provided that one of its mirrors is a phase-conjugate mirror. The situation is depicted in Fig. 1 , which is reproduced from Ref. 6 . The distorted beam is time reversed by the phase-conjugate mirror (PCM) so that the beam to the left of the distortion is "clean," while that to the right is distorted. Now since one person's distortion is another person's information, we can associate the distorting element with a stored piece of information ("Information") and realize that the oscillation electromagnetic field to the right of the distortion is spatially modulated by the information.
For a useful memory device our intracavity storage element must store a large number of messages. This can be done if the element is a volume transmission hologram with a large number of (pre)recorded holograms, each one capable of giving rise to a unique oscillating mode. The next problem is how to use a partial (or a close) input to stimulate the oscillation of just the desired mode. Since in the competition between resonator modes for oscillation, the mode with the highest net gain dominates (to the near total exclusion of less favored modes), the question is how to provide preferential gain to the desired mode. One strong possibility is to use the spatial dependence of the power exchange in two-beam coupling. It was shown recently that the power transferred from a beam with a spatial field profile Ei'(r) to a beam Ei(r) is proportional to the integral 7 
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(1) (2) where 0(r) is arbitrary. Condition (2) ensures that the zeros of both beams coincide, thus minimizing the "damage" to the integral. In practice, we may realize condition (2) in a contradirectional propagation of beams Ei'(r) and Ei(r). The spatial modulation of Ei'(r) is due to some partial information. Beam Es(r) is one of the many potential stored information beams in the hologram. Beam Ei(r) will emerge as that for which the overlap integral is maximum.
We have combined conceptually a number of key elements. To recall, these are (1) An electromagnetic mode as a stored message; (2) Spatial information dependence of the gain in photorefractive two-beam coupling; (3) The highly nonlinear mode competition in laser oscillators, which results in the emergence of the desired mode provided that the partial (or imperfect) input provides preferential gain. We might view elements (1)-(3) as building blocks for associative memories.
One possible realization is shown in Fig. 2 . Figure  2 Since Eio(r) is essentially planar, the term Eio(r)Eio* (r) is a constant and the field that diffracted off from An is proportional to Ei(r). The wave Ei(r), which passes through the crystal, is then reflected by the phase-conjugate mirror PCM 1 to become Ei*(r). The wave Ei*(r) is traveling in the -z direction. A pumping wave Ei'(r), which enters the system through the reflection at the beam splitter BS 1 and is propagating in the z direction, amplifies Ei*(r) according to condition (1) . The orientation of the crystal is chosen such that (-z) is the amplification direction. The amplified Ei* (r) wave diffracts off the stored hologram An to yield a field consisting of N beams -,j Ej 1 *(r)Ej(r)Ei*(r). The diffracted beams are then passed through a low-pass spatial filter to obtain a field proportional to ,jEj 1 * (r). If PCM 2 has thresholding characteristics so that it reflects only the strongest beam Ei,* (r) that passed through the spatial filter, then the beam reflected from PCM 2 is proportional to j Ej 0 * (r), and we are back, self-consistently, to our starting condition. The output of the system is provided by beam splitter BS 2 and is proportional to the stored message field Ei(r).
Let us discuss the experimental feasibility of such a scheme. There are several methods that can be used to make multiple holograms. For example, 500 fixed holograms, each with more than 2.5% diffraction efficiency, in heated Fe-doped LiNbO 3 , 8 and more than 10 holograms, each with 20% diffraction efficiency, in dichromated gelatin 9 were reported separately. On the other hand, a phase-conjugate mirror with a gain of 100 was reported in photorefractive BaTiO 3 crystals. 10 In our own preliminary experiments, we found that it is easy to get a gain of 300 in a counterpropagating two-beam-coupling configuration. With such a large gain in the two end phase-conjugate mirrors [PCM 1 and PCM 2 of Fig. 2(b) ] and the large gain in the counterpropagating two-beam coupling in the photorefractive crystal, it should be possible to overcome the losses due to the input and output couplers and to the low diffraction efficiency of the multiple hologram, the spatial filtering, and the Fresnel reflection at each interface. The numbers given above indicate the feasibility of initial experiments involving as many as a few hundred holograms. Another key aspect of the system is the preferential gain exercised by the input beam Ei' that is nearest the stored message Ei. An analysis 1 l of the process of phase conjugation by stimulated Brillouin scattering, which is formally analogous to counterpropagation two-beam coupling in photorefractive crystals, shows that the exponential gain constant [condition (1)] for their process varies by as much as a factor of 2 between the cases of spatially correlated or uncorrelated beams. This is expected to introduce a strong preference for the input beam Ei' that is nearest Ei in the winner-take-all environment of a laser.
In conclusion: we have described some basic ideas and phenomena that in combination hold promise for realizing some form of associative memory based on the concept of oscillating message-bearing optical modes. Preferential gain to the desired mode is provided by image-selective two-beam photorefractive coupling between counterpropagating beams.
